The purpose of this review is to consider treatment available at present for patients suffering from kidney failure due to diabetes. Most attention has been paid so far to the relief of patients in the final stages of the disorder. For a number of reasons, the principal one being the long-drawn-out nature of the disease, there have been almost no controlled studies of treatment at any stage. As a result, it is hard to avoid emphasis on personal experience and subjective evaluation. Also, there is a clear obligation to look ahead to simpler and cheaper methods of treatment, or indeed of prevention, than those in present use.
Renal failure in the diabetic is a serious problem: if one uses the incidence rate of 1,000 new cases of childhood diabetes per year from the United Kingdom [1] , and the expectation that half of them will develop serious nephropathy [2, 3] , then at least one death per 100,000 population is to be expected per year from this cause in countries similar to the U.S.A. and Great Britain. In addition, there is evidence to expect nephropathy as a contributing factor in the deaths of at least 25% of maturity-onset diabetic patients.
The estimate of 3,200 deaths a year from diabetic nephropathy offered by Knowles [2] for the U.S.A. is quite consistent with the above and may indeed be too low. It will be useful to keep it in mind when present efforts to keep these patients alive are considered.
The Clinical Picture of Diabetic Nephropathy and Its Underlying Causes
The clinical course of advanced kidney disease in diabetes has become almost monotonously familiar in the last 30 years, once it was recognized as an entity (compare Fishberg, 1939 [4] and Fishberg, 1954 [51 ) .
The stereotype is documented in retrospective figures from the Joslin Clinic [6] : proteinuria recognized after about 17 years of juvenile-onset diabetes; mild azotaemia and hypertension noted two years later; death three years after that, in uraemia or fluid overload. None of these features is unique to diabetic kidney disease, but the sequence is so characteristic in an individual with long-standing diabetes that any other diagnosis is unlikely.
The lesions that one expects to find with the light microscope in the kidneys of such patients have also become familiar: hyalinisation of both afferent and efferent glomerular arterioles [7, 8] ; thickening of the mesangial stalks of the glomeruli and of the basement membrane of peripheral glomerular capillaries, and glomerular nodules [9, 10] . The basement membrane of Bowman's capsule and of tubules are also thickened [10] . These and other changes form a picture which is generally accepted as characteristic of the diabetic kidney, although some features -including the nodule -may be missing in samples from a given patient, and sometimes all are obliterated by end-stage changes.
Although both the typical clinical picture and the typical (light) microscopic picture seem clear, the precise relationship of the elements of one to those of the other has not been established. Proteinuria seems to be due to leaky glomeruli rather than to impaired tubular reabsorption of protein [11] . Azotaemia and hypertension presumably result from partial or com-0012-186X/79/0017/0267/$03.00 plete obliteration or ischaemia of individual nephrons -but this says very little about detailed mechanisms, especially those peculiar to diabetes.
Equally fundamental is the question of the relationship between the diabetic state and the development of kidney damage in the first place. Impressive evidence supports the interpretation that the diabetic state in some direct way injures the kidney; much of it comes from animal experiments [12] . On the other hand, a large proportion of youth-onset diabetics, about 50%, may live with diabetes for 30 or more years without developing nephropathy [2, 3] . Hence, it seems necessary to assume that susceptibility to diabetic kidney injury is not uniform, and that as many as half the population may be resistant.
Significant progress is also being made in identifying much earlier changes in kidney function in diabetes. These may accelerate glomerulosclerosis in concert with, or as part of, the "diabetic state". There is evidence that altered glomerular dynamics [13, 14, 15] , systemic hypertension [16] and decreased renal mass per se [17] may speed up damage to the kidney. Bacterial infection of kidney parenchyma, and retention of urine in the bladder due to neuropathy, have been accepted in clinical medicine as important contributors to diabetic kidney damage, although rigorous proof has been scanty.
Prevention or Reversal of Diabetic Kidney Disease
Although the current attention of physicians is mainly directed to providing a substitute for the function of the hopelessly damaged diabetic kidney, there is obvious need to develop better methods for preventing or reversing the underlying renal lesion(s).
Control of the diabetic state is the logical place to begin but evidence of benefit to the human kidney from diabetic control has been very scanty. In a clinical trial of treatments for nonketotic diabetes, the University Group Diabetes Program, it was reported that no benefit with respect to the incidence of renal disease could be attributed to treatment with either of two oral agents, tolbutamide and phenoformin [18, 19] . The most recent paper from this study, reporting twelve years of treatment with insulin, again found no benefit with respect to survival or most causes of morbidity in comparison to the course of patients treated with placebo and dietary advice [20] . However, there was a suggestion of benefit with regard to renal disease: more subjects developed an elevated serum creatinine level in the placebo group than in the two insulin-treated groups (see Table 4 , page 40). It remains for further analysis to confirm F. C. Goetz and C.-M. Kjellstrand: Diabetic Renal Disease and extend this finding and to look for a possible relationship between glucose control over time and risk of nephropathy in insulin-independent diabetes.
A similar prospective, randomized study of the effects of treatment on renal disease in "juvenile" insulin-dependent (Type I) diabetes would be even more difficult to perform and to justify than the U.G.D.P. study and indeed has not been undertaken. We must be satisfied with the remarkable single case reported by Gliedman and others [21] , one of the very few examples of successful restoration of insulin secretion for a prolonged period after pancreas transplantation. In this patient, at four years the longest reported effective pancreas transplant, characteristic arteriolar hyalinisation was lacking in the kidney simultaneously grafted with the pancreas. In contrast, 85% of kidneys biopsied two to four years after transplantation of kidney alone [22] have shown this arteriolar change.
Logic, and the meagre evidence just noted, seem to be on the side of careful metabolic control whenever possible. Moreover, an important series of papers from Denmark has shown that decrease of hyperglycaemia toward normal in early, "uncomplicated" insulin-requiring diabetes may reverse the abnormalities which seem to be related to altered kidney dynamics: increased kidney size, slightly increased albumin excretion, and increased glomerular filtration rate and filtration fraction [23, 24, 25] . Of course, the relationship of these reversible disturbances to the late, serious stages of glomerulosclerosis is as yet unknown.
Self-testing of blood glucose at home and openloop insulin delivery can yield short-term improvements in diabetic control which are remarkable [26, 27] . The question now becomes: can such intensity of treatment be maintained over the many years of life now granted to the diabetic patient?
Pituitary ablation was reported by Ireland and others [28] to be followed by "significant reduction" in glomerular capillary basement membrane thickness, but no reversal of arteriolar lesions. Careful measurements were presented of biopsies before and one to two years after pituitary ablation, in five subjects with moderately advanced kidney disease. Setting aside one case considered to have incomplete pituitary ablation, it is noteworthy that the remaining four cases failed to show an increase in thickness on the second biopsy, although only one case showed unequivocally thinner measurements. What the study lacks are control observations on similar patients, such as paired biopsies over the same time interval without pituitary intervention. Without these, the results can only be suggestive. Regrettably, many patients have shown progression of glomerulosclerosis to end-stage despite pituitary ablation [29] . The benefit, if it exists, must be partial.
Adrenocortical steroids or ACTH were tried in cases of diabetic kidney disease in the period 1950-1960, following observation of the striking response to these drugs of many children with nephrotic syndrome. Among many reports of their use in a variety of kidney diseases there were scattered experiences with diabetic glomerulosderosis. The report of Danowski and others [30] was typical: three advanced cases were treated with ACTH or cortisone for one to three months. Judgement of benefit was based entirely on clinical response, and this was poor.
It is difficult to find any mention of this treatment after 1960, and there seem to have been no systematic or prospective trials. It was perhaps a matter of the wrong timing for a dramatic new treatment, appearing when recognition of diabetic glomerulosclerosis as an entity was just beginning and only advanced cases were recognized. Physicians were deterred by the powerful hype@ycaemic action of the new drugs, and the first anecdotal trials were discouraging. More recent knowledge of the collagenlike nature of basement membrane supplies at least a superficial rationale for a trial of steroids much earlier in the course of the disease, but current clinical and experimental interest lies elsewhere.
mean reversal of such damage. Further reports on this approach, and especially its effect on kidney morphology, should be of great value.
Anticoagulant treatment has not been systematically or widely tried since the early report of Engelberg [32] , and it appears to be controversial in other kinds of kidney disease [33] . Nonetheless, two recent preliminary reports raise the possibility that drugs altering platelet function might have value in diabetic nephropathy: the sulphonylurea gliclazide [34] , and dipyridamole combined with clofibrate [35] .
Kazandjian, Riveline, and Lagrue [34] reported a significiant decrease in the mean protein loss of 16 patients with mild proteinuria, from 1.01 to 0.58 g/ 24 h after an average of 18 months on gliclazide. In six patients with greater losses (> 3 g/day), the average proteinuria did not change (from 4.8 to 6.3 g/ 24 h). No control patients were reported, and since only mean values were given, it is not possible to judge if the decreased proteinuria was accounted for mostly by a few patients with worsening GFR which by itself could lessen protein excretion. Mean serum creatinine did not rise, however, and there remains a suggestion of benefit attributable to the drug. The report of Astrug [35] was not available for examination. Given the total lack of any direct treatment for diabetic glomerulosclerosis, these suggestions are worth pursuing.
Urinary tract infection must be mentioned as a potentially treatable cause of renal damage in diabetes, although its importance in this regard, and more particularly the long-term value of treatment, do not seem to have been clearly demonstrated. Kass [31] found evidence lacking for benefit in respect to any preventive programmes in urinary infection. Unremitting search for urinary bacterial infection, with or without symptoms; vigorous and prolonged antibiotic treatment for infection when it is found; and vigilance in finding and relieving the urinary retention which is often present -all are rational, sensible measures in the long-term care of the diabetic patient. A prospective and extended clinical trial would be difficult but valuable indeed if prevention of kidney damage could be demonstrated.
Benefit to the kidney through treatment of hypertension. Mogensen [24] has reported improvement in kidney function i.e. increased glomerular filtration rate (GFR), by treatment of hypertension in patients with diabetic kidney disease. The intention is to alter the internal dynamics of the glomerulus and to prevent acceleration of the glomerular damage. Improvement in GFR of course does not necessarily
Medical Treatment for Relief of Symptoms
Preventive treatment for glomerulosclerosis remains rudimentary. Fortunately, a number of relatively simple and inexpensive measures are available for the relief of the major symptoms of kidney disease, once they appear. They have been overshadowed, in fact, by the more dramatic but more costly advantages of dialysis or transplantation.
The principles of medical management of uraemia have recently been well reviewed by Walser [36] . Their application to diabetic patients does not differ in essential from that to non-diabetics. There are some details, however which are important for the diabetic patient.
Modification of dietary protein to 40 g/day or less (for an adult) has long been a familiar measure for the relief of uraemic symptoms. The demonstration by Giovanetti [37] and Giordano [38] of the benefit of limiting non-essential amino acids in the diet proved to be a major advance on traditional treatment. To be fully effective, however, their approach requires the provision of a generous number of calories a day of palatable food, almost all of which is carbohydrate or fat.
Not surprisingly, it is very difficult for patients with longstanding diabetes to adjust themselves to the large amount of carbohydrates which is unavoidable in such diets. Many patients with childhoodonset diabetes have struggled for many years with the discipline of carbohydrate restriction. It is deeply disturbing to them if they are abruptly told that it is "all right" to eat concentrated sweets and desserts.
Yet, a high carbohydrate intake, even if concentrated monosaccharides and disaccharides are included, does not necessarily mean loss of diabetic control with gross hyperglycaemia. Providing several doses of insulin each day may achieve a glycaemic control which is at least as good as that on a conventional diet. The key is the abatement of nausea and the return of a good appetite; if the patient can reliably eat four or more high carbohydrate feedings spread evenly throughout the day, the adjustment of insulin dosage may be relatively simple.
Insulin dosage must be continued with care, however, regardless of carbohydrate intake: most uraemic diabetics are ketosis-prone, insulinopenic patients who readily shift toward protein catabolism and gluconeogenesis in the absence of insulin. This would seem especially undesirable in uraemic patients.
Current attention seems to be directed to patients already committed to dialysis, which sharply increases losses of amino acids and protein. The practice now is to encourage a generous intake of protein of "high biological value", i. e. rich in essential amino acids, such as a potato-egg diet with amino acid supplements, and plenty of calories by the use of energy supplements containing fat and honey or sugar.
Reporting experience with such a regimen, Kluthe et al. [39] suggest 1.2 g protein and 35 Kcal daily/kg body weight for dialysis patients.
The special needs of the diabetic patient, and the best diet for uraemic patients before dialysis is necessary, seem to be neglected subjects at present. Two papers offer some promise, however. Nore6 and Bergstr6m [40] offer convincing evidence of the benefit of essential amino acid supplementation (including histidine) in non-diabetic uraemia, delaying dialysis by many months. Walser [41] reports keeping two diabetic subjects (out of a total of 7 severe uraemics) "active and well" for three to six months with use of ketoacid analogues of five amino acids together with four amino acids. The ketoacids appear to have a special effect in decreasing nitrogen turnover.
These are impressive and important results. Such regimens, of course, take more than the usual patience on the part of everyone concerned, including the dietician and the physician. When the regimen is fully accepted by the patient, the results can be rewarding and seem to suppress uraemic symptoms for many months or even years.
Fluid overload. This term conveniently indicates that
the cause of fluid retention in patients with advanced renal disease is often not clear. In diabetic patients especially, the likelihood of co-existing heart disease is increased. Fortunately, salt and water retention responds about as well to medical treatment whether it is of cardiac or renal origin.
The treatment of choice is the use of diuretic drugs. We have found it difficult to assess the benefits of digitalis preparations and use them rarely. In cases of moderate severity, and especially if the patient is already committed to insulin treatment, the thiazide drugs (chlorothiazide and hydrochlorothiazide) and chlorthalidone are helpful and seem to have no effect on insulin requirement. In the patient who is treated by diet or an oral agent, on the other hand, the thiazides may cause exacerbation of the hyperglycaemia. In such patients the choice must be made between starting insulin treatment or choosing another diuretic.
With massive or refractory fluid retention, especially if pulmonary congestion has developed, a more potent diuretic is necessary. Our current choice is furosemide (frusemide), and we use it generously, sometimes in doses as high as 1,000 mg/day. The only undesirable side effects seem to come simply from too vigorous a renal response, with symptoms of plasma volume depletion.
A word of caution should be recorded about possible deafness due to furosemide. Although experience suggests that deafness from furosemide is less likely than from ethacrynic acid [42] , some animal studies [43] have shown that furosemide also damages the ear. The uraemic diabetic patient may already be blind or nearly so. Deafness and blindness at the same time is a supreme tragedy which a patient already suffering from a complex illness may be unable to bear. We have not personally observed any clearcut example of deafness due to furosemide in a uraemic patient, but it might have been contributory in some patients.
Hypertension demands vigorous treatment for its own sake, and fortunately, there are many kinds of treatment available. Fortunately, also, the course of hypertension with diabetic nephropathy rarely follows an accelerated or malignant course. Presumably, however, it is an aggravating factor for coronary heart disease and stroke.
We have found the drugs conventionally used in other forms of hypertension equally effective for the diabetic patient: diuretics (with the reservations mentioned above), alpha-methyl DOPA, hydralazine, and propranolol. Occasionally clonidine and minipress may be needed as alternative or additional treatment, but this is unusual.
The diabetic patient is unusual in showing marked susceptibility to postural hypertension; one often deals with a patient whose blood pressure is too high lying down and too low standing up. We regularly advise patients to raise the heads of their beds permanently, so that they are never horizontal, day or night. This seems to relieve some of the symptoms of postural dizziness. Other simple measures (elastic stockings, regular walks) may also relieve this troublesome symptom. The physician's main effort, however, is in careful regulation of antihypertensive drugs and in encouraging compliance. 
Substitution or Replacement for Loss of Kidney Function: Dialysis
The course of diabetic kidney disease may stretch out over many years, but once kidney function (creatinine clearance) has fallen below 20 percent of normal, in the non-stressed patient, the likelihood of symptoms of uraemia or of fluid overload developing is very great, and the benefits of management by drugs and diet are less striking. Experience in the last decade makes clear that the two principal means of sustaining life -dialysis and kidney transplantationboth have much to offer to the patient with diabetes.
History of dialysis.
Chronic haernodialysis for diabetic patients initially gave very discouraging results [44] . The 50% survival time (T1/2) was only about one year. The major cause of death was coronary heart disease and myocardial infarction; there was also a discouraging frequency of progression to blindness, mostly due to vitreous haemorrhage associated with proliferative retinopathy [45] . There has been much comment about the special problems of dialysis in the diabetic patient. Some of this may be due to autonomic neuropathy, making the patient especially vulnerable to drastic shifts in blood pressure regulation when plasma volume changes abruptly during haemodialysis. Presumably, such shifts in blood pressure may contribute to death from myocardial infarction.
Certainly the diabetic patient is in an especially difficult situation when his kidney disease has reached a stage of chronic low urine output, making fluid overload an ever-present risk. Thirst related to a high blood glucose concentration is often severe. It is difficult for such patients to "cooperate" with a regimen including drastic restriction of drinking.
The reported rapid progression of retinopathy on chronic haemodialysis is difficult to evaluate. It has been attributed to the necessary use of anticoagulation during dialysis -but the evidence that systemic use of anticoagulants has anything to do with bleeding in the eye is not strong. In fact, at one time heparin was advocated as a possible treatment for proliferative retinopathy [46] . Arterial hypertension, abrupt shifts in plasma volume, and some persisting chemical aspect of uraemia -all might be factors favouring vitreous bleeding.
Fortunately, recent experience with survival in chronically dialyzed diabetic patients is considerably better.
Although some groups in the United States continue to report discouraging results [47] , others have reported sharp improvements in survival since 1972 (Table 1) . Two centres in Minneapolis with contrasting patient populations have both reported first-year survivals for diabetics of over 70%: the regional dialysis centre, based at Hennepin County Medical Center [48] and the Minneapolis Veterans Hospital [49] ; so also have the Joslin Clinic in Boston [50] , and the Nephrology Service at the H6pital de La Piti6 in Paris [51] . Some of this experience is included in the impressive results reported in the 13th Report of the European Dialysis and Transplant Association [52] .
An instructive point emerges when the large number of diabetic cases now reported in world experience -1,421 were knwon to us as of late 1978 -are analyzed. The cumulative survival curve (Fig. 1) shows that a constant proportion of about In the experience at Hennepin County Hospital [48] , the early cause of death on dialysis (less than 18 months) remains cardiovascular disease. Later, the problem of dialysis dementia becomes important as a cause of death.
The reasons for the improvement are as yet unclear. Greater skill and experience in the conduct of dialysis in patients with unstable vascular systems may be important. However, greater experience in the management of diabetes in such patients may also be a factor: frequent blood glucose selfmonitoring at home with improved methods has provided great symptomatic relief from thirst in patients on dialysis.
The survival of diabetic patients seems to be improving and may be approaching that for nondiabetics. There may also be a better outlook for vision now than in earlier experience [53] . This apparent improvement could result from increased use of new treatments for retinopathy, such as photocoagulation, although precise data are not yet available.
There is a return of interest in chronic peritoneal dialysis as an alternative to haemodialysis for renal failure of all causes, resulting in part from improved devices and techniques [54, 55] . Diabetic patients in particular might benefit, since blood vessel access.for haemodialysis is often difficult for them. The first report for diabetics [56] included 15 patients from F. C. Goetz and C.-M. Kjellstrand: Diabetic Renal Disease four centres. The results in these high-risk patients were mixed: symptoms were relieved, but 10 of the 15 died in 6 to 22 months (five from a perforated viscus, peritonitis, or peritoneal haemorrhage).
Results do appear to be improving, however with greater experience. A later report from one of the four centres indicates survival for 7 out of 12 diabetics on peritoneal dialysis for more than a year, with no greater frequency of peritonitis or other peritoneal complications than in non-diabetics [57] . Currently, the 1-year survival for diabetic patients on chronic intermittent peritoneal dialysis at Toronto Western Hospital is 44% (31 patients) [58] . Further, a non-randomized comparison at the Mayo Clinic between 14 diabetic patients on peritoneal dialysis against 43 on haemodialysis showed the same survival for both groups of about 50% at one year [59] . Both groups report that progression of retinopathy was less, and general well-being was better, for the peritoneal group than for diabetics on chronic haemodialysis.
Although the numbers of patients are as yet small for firm judgment on retinopathy, such results are worthy of notice. Chronic peritoneal dialysis may be especially appropriate for any for whom haemodialysis is impractical or unsafe.
Kidney Transplantation
History of kidney transplantation for diabetics. The first reports of successful kidney transplantation for renal disease of any kind came from Paris [60] and Boston [61] . Development of effective immunosuppressive treatment (with cortieosteroid and azathiowine or similar drugs) made possible transplants between persons not closely related. A register of human kidney transplantation world experience has been published annually from 1963 to 1977 [62] . Transplantation by disease category has been reported since 1971, and diabetes is first mentioned in 1972. In that year, the 9th Registry [63] reported that 19 out of 5,432 transplants in cumulative world experience were performed for diabetic kidney disease. In the 12th Registry (1975) [64] there were 198 diabetics out of a total of 15,921.
Why was this experience so small, and so slow in coming? Diabetic patients were considered too risky, (a) because of the possibility of recurrence of diabetic glomerulosclerosis in the transplanted kidney, (b) because of possibly increased risks conferred by immunosuppression in diabetic patients and (c) because of concurrent or future vascular disease in other organs than the kidney. It was assumed that transplanting kidneys into diabetic patients would waste effort, money, and kidneys. In all the comparisons the survival of the diabetic recipients is somewhat poorer, although for the HLA-identical living donors the difference is small and the results are the best of any of the groups. Adapted from Najarian and others [69] In our own unit, the barriers against transplantation for diabetics were broken down by the proposal to transplant the pancreas as an endocrine organ. In 1966, it was ethically acceptable to offer, as an experiment, simultaneous pancreas and kidney transplants to patients dying of diabetic glomerulosclerosis, even though there was then strong prejudice against accepting them for chronic haemodialysis or for kidnay transplantation alone [65] .
There is irony in the course of events since then: a simple, safe and effective method of endocrine pancreas transplantation seems still to be beyond reach. In contrast, transplantation of one kidney alone, as primary treatment for diabetic glomerulosclerosis, has almost reached the state of standard treatment, assuming that kidney transplantation is an acceptable procedure in the first place.
A systematic trial of kidney transplantation alone for the diabetic patients began at the University of Minnesota in 1969, and in two other centres in the United States (Mayo Clinic and Joslin Clinic) at about the same time. It was clear in following the first five patients at Minnesota for the first year that the results were much better with respect to patient survival than with the double pancreas-plus-kidney procedure, and the latter was stopped.
In 1974, our five year experience with 63 diabetic patients, matched with 63 non-diabetic kidney transplant recipients was reported [66] . This tentatively favourable report was confirmed by the Mayo group [67] . In 1977, we reported a 6V2 year experience with 132 patients [68] , and recently our ten year experience with 305 patients [69] . Currently about two patients out of five presenting themselves to us for kidney transplantation have diabetic renal disease. It may be useful to compare our current results and practices with those described in 1974.
Survival Two points stood out from the 1974 experience, and they are confirmed by our current experience (Fig. 2) . The first is that while the overall survival of diabetic recipients is not quite as good as that of nondiabetic patients, the two are not too disparate, and both are good enough to be satisfying. The 50% survival time (Tl/a) for all the diabetic cases is greater than five years (Fig. 2 a) . This remains better than the survival on chronic dialysis, even at the recent improved T1/2 of about three years.
Second, for the diabetic cases, as for the nondiabetics, the source of the kidney is the major factor in survival. Once the kidney is transplanted the chances of patient survival are considerably better if the kidney has come from a living, closely related-donor than if it came from an unrelated cadaver donor, even if that donor is a so called "beating heart" accident victim sustained by artificial devices. The reasons for the difference, which appear to be sustained and real, are not obvious. The increased mortality in the cadaver cases were attributed by us in 1974 to late infections and cardiovascular events, mostly myocardial infarctions, occuring six months or more after transplantation, rather than to increased frequency of rejection episodes as might be expected. However, as a matter of policy, unrelated-donor recipients on our service are kept on consistently higher doses of corticosteroid (Prednisone 0.3 -0.4 mg/kg) than related-donor recipients (0.15-0.2 mg/kg).
Added to the post-transplant mortality is the equally important mortality while the patient is waiting for a cadaver donor. This was especially true before 1974, when the practice was to remove both kidneys and the spleen before transplantation. During this medically and psychologically difficult period, deaths from fluid overload and from coronary disease were frequent. Since 1974 patients have been accepted for transplant with less advanced uraemia and fewer symptoms, but the waiting period and its difficulties are still much less for the patient with an electively-scheduled transplantation from a living donor.
Our cumulative experience is now great enough to allow a look at the effect of donor-to-recipient matching and tissue typing. HLA matching at the A and B loci and cytotoxic cross-matching have been carried out since 1969. The results shown in Figure 2 (b, c, d) suggest strongly that for diabetic patients as for non-diabetics, HLA compatibility makes a difference in the likelihood of survival for the diabetic patient. This is especially true for recipients over 40 years of age.
The large experiences reported by other centres are consistent with the University of Minnesota results. The Mayo Clinic reports excellent survival for 61 diabetic patients in its most recent publication [70] : 80% survival through four years for all livingdonor kidney recipients, including the outstandingly good four-year survival of nearly 90% for 24 siblingto-sibling recipients. Cadaver recipients are less favoured, but there is a sharp difference in survival for those getting kidneys from donors given massive immunosuppression just before donation (about 80% at four years) and those getting kidneys from untreated donors (about 20% at four years). If such a striking effect of donor pretreatment persists in future experience, it will mean a major advantage for diabetic recipients.
At Joslin Clinic, experience with 22 diabetic recipients [50] shows very similar trends: two-year sur-F. C. Goetz and C.-M. Kjellstrand: Diabetic Renal Disease vival of 77% with living donors and less than half that (36%) with cadaver donors.
The first large European report appeared in late 1978 [71] . It gives survival data on 146 diabetic patients transplanted in eight Scandinavian hospitals. It agrees with the American experience in several noteworthy respects: while only one-sixth of the patients received grafts from living donors, those 25 subjects had an excellent survival of about 85% at two years. The 121 subjects receiving cadaver kidneys showed, as in the U.S., a much less satisfactory survival of about 45% at two years. The major difference between the Scandinavian and Minneapolis experiences lies in the effect of certain risk factors on survival (see below).
We have summed up the world experience with diabetic patients up to the end of 1978, amounting to 629 patients, including 240 of our own (Fig. 1) . In agreement with the individual reports, the cumulated three-year survival after related-donor grafting is a satisfying 75%. For cadaver kidneys, it is only about 50%, about the same as for dialysis. An important point of difference between dialysis and transplant survival emerges: while the death rate for the former is steady, for transplant recipients the first tumultuous 6 to 12 months carry the greatest risk. The T1/2 for that early period is about two years for related graft recipients and one year for cadaver graft recipients. The slopes of the survival curves then change, so that for related recipients T1/2 becomes about 12 years and for cadaver recipients about four and one-half years. So far, no second inflection point in this survival curve is apparent.
The major cause of death for transplanted diabetic patients, as for dialyzed diabetics, is cardiovascular disease, mainly myocardial infarction [69, 70, 71] . It is more common than for transplanted nondiabetics. Infection is an additional major risk for transplanted patients, diabetic or non-diabetic: bacterial, mycotic, or viral. These risks primarily apply in the first year after transplant, and to cadaver recipients. The preponderance of cadaver-kidney recipients in the Scandinavian series seems the likeliest explanation for the apparent difference in prognosis for poor-risk patients (blind, heart disease) in the Scandinavian and the Minneapolis series. For the cadaver recipients, obvious vascular disease at the time of transplant may be an intolerable burden. For the living-donor recipients, who weight the Minneapolis experience heavily, it may be tolerable, since base-line cardiovascular disease does not seem to predict outcome [66] .
It seems likely, in any case, that virtually all uraemic diabetic patients have advanced coronary disease, at least by angiography [72] . Surgical complications. The obvious area of problems for the diabetic group is the increased frequency of complications with the ureter of the transplanted kidney, and the bladder of the recipient. These problems are roughly twice as frequent as in our non-diabetic experience. Possible explanations include a slower rate of vascularization of the ureter after transplant, distention of the lower urinary tract due to autonomic bladder neuropathy, plus the huge urine volume (sometimes 10 to 15 1/day) which is common in the first 28 to 96 h after the transplant.
Measures used since 1974 to combat these problems include prolonged chronic catheter drainage of the bladder in all diabetic recipients (4 to 5 days rather than 1 to 2), and more intensive efforts at control of hyperglycaemia in the immediate posttransplantation period.
State of the kidney after transplantation. Great interest attaches to the fate of the kidney transplanted abruptly from a non-diabetic into a diabetic milieu.
The striking change by light microscopy is hyalinisation of both afferent and efferent glomerular arterioles, in biopsies taken two to four years after transplantation [22] . Similar lesions have been observed in non-diabetic recipients only rarely and after a much longer period. This arteriolar change, which morphologically is characteristic of and nearly specific for diabetes, is generally described in longstanding diabetes and would be unexpected in two to four years of ordinary spontaneous diabetes, although precise prospective studies on this point are lacking. Animal studies suggest a remarkable additive effect on kidney morphology [17] and mass [73] of diabetes and unilateral nephrectomy. Since the transplanted kidney is in effect a single kidney, there may indeed be an acceleration of the typical diabetic arteriolar change in the transplanted kidney.
One naturally might expect the entire picture of diabetic glomerularsclerosis to be unfolding in these kidneys, but so far this has not been the case. Although immunofluorescent studies do indeed show deposition of immunoglobulin in both glomerular and tubular basement membrane in patterns identical with that seen in spontaneous diabetes [74] , the Kimmelstiel-Wilson nodule, which remains the most widely accepted morphologic expression of diabetes in the kidney, remains conspicuous by its absence from more than 50 biopsies taken as long as eight years after transplantation. Instead, the one eightyear biopsy so far available shows marked arteriolar change, some mesangial thickening, and total hyaline obliteration of some glomeruli suggesting a nonspecific ischaemic effect (Fig. 3) . Also, electron microscopic measurements of glomerular basement membrane thickness, while they do reveal consistent thickening of basement membranes after transplantation, do not show an increase over the rate of thickening in the non-diabetic case material so far available.
Fortunately for the patients, the function of the transplanted kidneys is not correlated with the development of arteriolar hyalinisation. Serial measurements of creatinine clearance in the first 70 dia- Fig. 4 . Typical finger lesions from two diabetic patients one year a and three years b, c after kidney transplantation. One arm of the patient on the right had been used for dialysis access, the other had not betic transplant patients show that in general, kidney function remains quite stable for at least eight years. This means essentially normal function for most subjects, but even when rejection episodes occur early in the post-transplant course of the patient and are associated with reduced function, there has been no progressive subsequent deterioration.
Thus, there appears to be an accelerated development of the arteriolar lesion, but with an arrest of the process of glomerulosclerosis at that stage for as long as eight years after transplantation. The inference may be drawn that while the arteriolar change is characteristics of diabetes, it is not necessarily an inseparable component of the glomerulosclerotic process.
Progression of non-fatal vascular lesions associated with diabetes. The early course of retinopathy and neuropathy was described in 1974 [75] . The experience then was surprisingly favourable, and in general, it has been confirmed by longer follow-up, and by the Mayo [70] and Scandinavian [71] reports.
In 1972, the initial impression was gained that many patients were progressing rapidly toward blindness at the time of transplantation, but that vision seemed to stabilize in the year following transplantation [76] . This impression has now been confirmed by systematic prospective observation of the first 77 diabetic patients with standardized ophthalmological methods [77] . Whether treated by photocoagulation or not, most of the eyes with active proliferative retinopathy settle into a quiescent involutional stage after transplantation. Although a few eyes have gone on to blindness anyway, the visual acuity of the patients as a group has indeed remained stable for as long as nine years.
Some caution should be expressed about the fate of the eye with involutional proliferative disease. Such eyes are distinctly abnormal in relation to colour vision [78] , and are subject to slow attrition of visual acuity, perhaps on the basis of advancing ischaemia. However, abrupt loss of vision from massive haemorrhage rarely occurs.
Similarly, the early impression of stabilization of peripheral neuropathy [75] has been sustained by further clinical observation. Muscle weakness, including foot drop and quadriceps weakness, regularly improves slowly and steadily over the first year to 18 months after transplantation, strongly suggesting that much of the loss of strength has been due either to uraemic nerve damage or to general inanition, rather than to diabetic nerve damage. After this initial improvement, peripheral nerve sensory and motor function remains stable clinically; motor and sensory nerve conduction velocity remain abnormal but stable.
It has not been possible to measure systematically the manifestations of visceral autonomic neuropathy. However, symptoms usually improve after reversal of uraemia by transplanation. Gastric stasis and diarrhoea get better promptly. Postural hypotension and delayed bladder emptying are sometimes troublesome immediately after transplantation, but those also improve later.
In contrast, a serious problem is the loss of toes, legs, and fingers from ischaemia or infection. About one patient in five has had at least one amputation. Expecially puzzling is gangrene or ulceration of fingers. This was at first attributed to a "steal" of blood from the fingers through the arterial-venous fistula created in the forearm for dialysis in preparation for transplantation [79] , but it has also occasionally occurred in hands where no fistula or shunt has been placed (Fig. 4) . Rehabilitation of the diabetic patient after transplantation and "quality of life". A detailed review of initial experience at the University of Minnesota [80] indicated that a return to reasonably normal life was possible for a considerable number of diabetic patients, although the chances were not as good as for the non-diabetic transplant recipient. More detailed information is now available after six to eight years of follow-up [81, 82] . Table 2 shows that about 70% of diabetic patients who survive for four to five years after transplantation maintain for most of that time a state of well-being at least as good as that which they experienced six months or more before final kidney failure and transplantation. Thus half the patients receiving a kidney transplant on our service not only survived but returned to a life of good quality. The others died, or else were significantly disabled by blindness, loss of limbs, depression, or a combination of these.
Management of diabetes. The vast majority of
patients treated on our service and elsewhere for diabetic kidney failure have juvenile-onset insulindependent Type I diabetes. There are major shifts in their response to insulin, but overall they remain an insulin-sensitive, somewhat unstable group of patients throughout the course of their transplantation experience.
Most of the patients go through four stages in their insulin regimens: (1) diminishing insulin need as uraemia develops, especially obvious in the nephrectomized patient who can be strikingly insulin-sensitive; (2) an abrupt shift to markedly increased insulin requirement and sluggish response to insulin at the time of transplantation, largely accounted for by the beginning of corticosteroid immunosuppresive treatment; (3) a post-operative adjustment period of approximately six to nine months, during which insulin requirement may rise further even though corticosteroid therapy is being reduced (perhaps as a result of hypertrophy of the transplanted kidney); and (4) finally, a stable period of indefinite duration usually reached by the first anniversary after the transplant in which the general diabetic response is much like that before kidney disease became manifest.
On our own service the principles of management have been standardized and simplified as much as possible. A continuous insulin infusion has proven to be very convenient during the first 72 to 96 h after transplantation, when the rate of change of insulin dosage is especially great. A syringe pump is used with a capacity of 30 or 40 ml and an insulin concentration of 1 unit/ml. For the first two to four days, until the patient can eat reliably, glucose is supplied IV at the rate of 100 to 150 g/24 h, in a concentration suitable for the patient's fluid requirements. The insulin infusion rate commonly is 4-8 u/h (range i to 12), with adjustments every four to six hours according to intermittent plasma glucose measurements. The immediate goal is a plasma glucose level between 8 and 16 mmol/1 (150 and 300 mg/dl) -a goal attained perhaps 50% of the time.
As soon as the patient is eating consistently, SC insulin is resumed. We prefer twice-a-day injections, usually of a combination of intermediate (isophane or lente) and soluble insulin. The twice-daily injection scheme is sufficiently flexible to allow for frequent changes in insulin requirement over the first six months. There is usually a marked increase in appetite and food intake after transplantation, and it seems appropriate to encourage a generous intake of calories and protein for restoration of depleted tissues. Physical activity commonly increases a great deal. Also, the occasional rejection episode is customarily treated with a temporary sharp increase in corticosteroids requiring abrupt parallel change in insulin dose.
For all these reasons, the adjustment of insulin dosage is commonly closely monitored by blood glucose measurements several times a week at first and then at more widely-spaced intervals for six to twelve months. Blood glucose levels are emphasized because some patients seem to show a low renal threshold for glucose in the transplanted kidney.
Diabetic management is closely monitored in the central transplantation follow-up clinic for approximately six months. After this time, every effort is made to restore management of the diabetes to the patient and the primary physician.
The regimen described here aims at only approximate glucose control. At the least the goal of avoiding serious hypoglycaemia or ketoacidosis during a period of complicated medical and surgical manage-ment has been achieved. To this extent it appears to be successful, as carried out by the combined efforts of the surgical team with consultation by the endocrine service and with close follow-up by the specialized nursing team.
The kidney donor. The living related' donor offers clear advantages to the recipient, probably greater for the diabetic patient than for the non-diabetic.
What are the risks to the living donor? The general risks have been tabulated for the Minnesota experience by Spanos [83] . Two hundred and eightyseven healthy donors experienced a total complication rate of 28%, which is by no account a trivial figure. However, most of the complications were minor chest or lower urinary tract problems (mostly infection) without prolonged consequences. The only serious complications were pulmonary embolus in one donor and deep vein thrombophlebitis in another, both resolving on treatment. There were no deaths.
Where siblings or parents donate to a diabetic subject, the possibility of diabetes in the donor is a necessary concern. Mild glucose intolerance was indeed present in a few relatives accepted for donation, but for most, the standard glucose tolerance test was normal (Fajans-Conn criteria). Follow-up tests five years later have shown no deterioration in glucose tolerance or kidney function in 26 donors. So far, the risk to the donor, both general and diabetesrelated, seems acceptably small.
Cost. The cost in dollars of kidney transplantation is great, although it is less per life-year than that of chronic haemodialysis [84] .
In our own centre, the cost for a transplantation admission for a diabetic patient with a living donor and the smoothest possible course was $20,000 U.S. for a three week stay in 1972. This is probably an absolute minimum figure. Current figures are in the range of $30,000 to $45,000 for the transplantation itself, not including later admission for rejection or other complications. It is extremely difficult to say whether this cost is "justified" or not. In a sense, all organ transplantation is a national luxury -a luxury which seems justifiable only if basic medical care is already available to most of the public.
Recipient selection. We and other groups (Joslin Clinic, Mayo Clinic) have found it increasingly difficult to define with precision the "suitable" candidate for kidney transplantation for diabetic renal disease. The most obvious possible contra-indications would include the following: blindness; advanced heart disease; advanced peripheral and visceral neuropathy; a difficult social or psychological situation.
In practice, despite the complexities of life with diabetes and a kidney transplant, no one of these problems by itself has proved to be an insuperable barrier to decent life after transplantation. It has been especially difficult to estimate the prognosis for life where coronary heart disease is assumed to be present. In current practice, we consider a diabetic patient eligible for transplantation on the basis of chronic renal failure when creatinine clearance falls below 5% of normal, or when serum creatinine level has remained steadily elevated at 0.5 to 0.7 mmol/1 (6 to 8 mg/dl) for six months or more in the absence of apparently reversible illness. If fluid overload has been a problem, or if retinopathy is rapidly advancing, transplantation may be considered at an even earlier stage. If hypertension is severe, bilateral nephrectomy may be considered; otherwise this is no longer done. Splenectomy is still carried out, but this is under re-evaluation. No one of the contra-indications mentioned above eliminates the patient by itself, but if two or more are present, we are less eager to offer transplantation.
Concluding Comments
Before end-stage. Preventive treatment for diabetic glomerulosclerosis is still in its infancy -more than forty years after Kimmelstiel and Wilson's paper. If the key lies in prolonged vigorous control of diabetic metabolism, then simple, cheap and attractive ways of accomplishing that must be provided. Alternative approaches such as finding a drug to halt or reverse the kidney lesion, should also be pursued vigorously.
Palliative measures for the early symptomatic stage are of mixed variety: hypertension and fluid overload respond well to many drugs, but dietary measures, although they have been well established for their value in delaying uraemic symptoms, are largely neglected for the diabetic with developing uraemia. There is room for exploration of their value.
When to transplant? When our own systematic experience with diabetic patients began (1969), it was customary to transplant only when uraemic symptoms were obvious and serum creatinine was grossly elevated (0.9 mmol/1 or 10 mg/dl). Bilateral nephrectomy, a somewhat hazardous procedure, was customary. Retinal photocoagulation was not widely used, and rapid loss of vision from bleeding into the eyes appeared to happen often in the months just preceding transplant. Now we customarily advise transplantation about a year earlier in the presumed course of the nephropathy, when serum creatinine is 0.5 to 0.7 mmol/1 (6 to 8 mg/dl) and symptoms of uraemia may be mild or absent; pretransplantation nephrectomy has been stopped. The main reason for the change is the desire to prevent blindness, since vitreous haemorrhage seems less likely after transplantation.
Nevertheless, the course of nephropathy is sometimes very protracted [85] , transplantation at any time carries its own risks, and infection, including serious viral infection, is now the major one. Also, photocoagulation of the retina is now well established as preventive treatment for blindness in its own right [86] , and is almost universally available in the US.
The question can be raised: should we wait longer before transplanting? This deserves consideration, perhaps by observing a small pilot group of patients on the best possible conservative programme with especially careful attention to the eyes.
Transplantation versus dialysis.
Since publication of the Scandinavian transplantation experience [71] , there have been at least four letters to Lancet [87] debating the relative merits of transplantation and chronic haemodialysis for diabetic patients. Most of the authors, like ourselves, are experienced in one technique or the other, but not both.
There are, however, two publications reporting experience with both techniques by a single group, with assignment of cases to one treatment or the other from a single pool of patients, not randomly, to be sure, but on the judgment of a committee. At the University of Nebraska [88] both survival and quality of life were better for the transplanted patients (1976) . At the Joslin-Lahey Clinics [70] (1978) survival is now equal for both groups, but quality of life is considered superior for those surviving after transplantation.
Our present judgment is that transplantation from a living donor, ideally an HLA-identical sibling, offers the best chance for decent life for as long as ten years. Fortunately, chronic haemodialysis and also peritoneal dialysis offer acceptable alternatives for survival, if transplantation is not possible.
Together these methods make possible a holding action for perhaps the next 20 years, until a truly direct attack on the underlying lesion of diabetic glomerulosclerosis is possible.
